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THE CHEMISTRY OF LEATH} 
Three Cantor Lect 


HENRY PHILLIPS, D.S 


Director, the British Leather Manufactur 
LECTURE ONI 


Vonday, 17th May 


uighly honoured indeed that I shou 

in your bicentenary year. Possibly, 

ould be fitting to devote some of yo 
industry such as the leather industry. In additi 


been referred to as an art rather than a scier 


often 
for ‘ts interest in the borderland between craft and 

Ihe late Professor Henry R. Procter, who deliver 
18gg9 entitled ‘The Manufacture of Leather’, starte 
facture of leather is a typical instance of a trade of great antiqu 
attained a high degree of development by purely empirical met 
the science is still very young’. Procter is often « 1 


chemistrv. How greatly he contributed to our kni 
1 


he delivered the Cobb Lectures in 1918. With son 


was able to take as his subject, ‘Recent developn 
In my second lecture I shall be referring to the great contril 
to the advancement of science, and in particular to the scienc 
Leather-making is still often referred to by scientists outs 
a mysterious craft. But since Procter’s day, and even since I n 
there has been a revolution. Leather-making is not no 
industry. It is just one of the many fibre industries. 
Procter, in some of his most fertile work, studied t 
alkalis on gelatin. Some thirty years ago I remember discu 
a tanner, who, I found, was not impressed, his comment being 
leather out of gelatin’. As a young student I then thought th: 
pointless and I found most scientific people at that time 
I always recall that remark as indicating the great gap that existed 
technologists and the scientists. I can see now that what the tan 
to tell me was that he was concerned with the chemistry 
fibres—and not of gelatin, the substance produced by breaking « 
fibres. In contrast to this view Procter said: ‘Collagen, the n 
the bulk of the leather hide, is closely related to gelatin, of 
merely an anhydride’. 
It will be noted, therefore, that whilst the tanner—the technol 


1 
} 


conscious that his art was concerned with fibres, the 
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too busy with the study of simple and pure compounds to 


ind their special characteristics. Since then, however, we have witnessed 


»wth of great industries concerned with the production of fib 


se acetate and nylon, to mention but three. Very few people outside the 


res 


industry realize that the study of the relationship between gelatin and 


en fibres—how, for example, an be interconverted—inspired 


1 of the early work on which these great fibre industries are based. Within 
ist ten years there has grown up a new science—fibre science—which is 
rned with the chemistry and physics of matter in fibrous form. It has 
yped because the chemistry and physics of pure substances with small 
ules do not enable us to foretell with any degree of accuracy the properties 
sus materials. 
he past, the tanner’s art concerned a knowledge of fibre science gained b 
eds of years of observation by hand, eve and even taste. | sometimes startle 
textile friends by describing the tanner as the first fibre scientist, because, 
shall see, he was the first to try to control the physical characteristics of 
s using largely chemical means. he growth of the fibre industries and the 
rmous research effort they are making are likely to cause profound changes in 
ather industry: they will doubtless repay their initial debt to the leather: 
mist with interest. 
Chere is, however, another general aspect of the chemistry of leather which | 
ik some of you will find of particular interest. You will, I think, note that 
times I shall be dealing with information gained by scientists not directly 
erned in the leather industry. ‘hey are the source of much valuable informa- 
, about the nature and structure of our raw materials and products. But they 
n only apply their methods to the perfect parts of our materials and products. 
Chey are like the dye chemist making pure dyes, or the metallurgist making pure 
Che dye technologists can only make impure dyes, and the impurities 
inge the dyeing characteristics. Similarly, the pure iron of the metallurgist 
the laboratory has lost very valuablk characteristics, which the engineer finds 
impure iron. 
he leather technologist, with other fibre technologists, is in a very similar 
sition. He surveys the evidence produced by the scientist and finds that 
ehow it does not tell him all he wants to know. He then finds that, whilst the 
ntist has told him of the regular or the highly organized parts of his material 
1 products, he has not told him of the irregular or disordered parts, to which 
s products owe their distinctive character. In fact, we could say that the art 


| 


leather-making is concerned with the control of variation and irregularity. 


THE FIBROUS STRUCTURE OF DIFFERENT TYPES OF LEATHER 


Before we embark on leather chemistry we should, I think, survey the types 
eather that are made. I find that most lay visitors to Milton Park, even if they 
professors of chemistry, have very hazy notions about leather. ‘They usually 
ow leather is made in tan pits, that it is treated in an antiquated way and takes 


ry many months to tan. They are always very much surprised when they are 
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shown leathers with a variety of characteristics made from the skins of 


fish and even birds, many of which are tanned in a few hour 


The British leather industry produces about 8o, tons of hea 
annually, for soles and for belting. Sole leather is firm and solid, | 
leather must be flexible and strong; it is not tanned so heavily as so 
and it is lubricated by impregnation with greases. Then a very great 


what might be called industrial leathers are produced from ox hides. T} 
for example, the textile leathers, such as the picking band through w 
picker is moved which strikes the shuttle bearing the weft across tl} 


The picker is not leather, but is made from raw hide. Then we have 
and gill box leathers, which are used on the machines in the ol indu 
comb the wool and separate the short from the long fibres. Hides, | 
cow hides, are split into two, and the top splits bearing the grain at 
to give flexible upholstery leather. They may also bs ynverted int 
leather 

Most upper leather is made from the skins of smaller animals, and 
mineral tanned. Calf skins make excellent chrome upper leat] \ larg 
of upper leather is made from vegetable tanned skins imported fror 
which are re-tanned with chrome tannins in this country. 

The skeepskin may be tanned in the wool, or the wool may be rer 
the skin tanned to give gloving leather. But do not imagine that good 
leather can be made from the skins of every kind of sheep. Australia grow 
for their wool, and the heavy fleece causes the skin to | weak and 
Most Australians like to buy British gloves, because these are mad 
skins of sheep grown for mutton rather than for wool. In addition, B 


tanners make gloving leather from the skins of hair sheep imported from | 


and the Sudan. 


Some sheepskins are chrome tanned to give clothing leathers. Othe: 
split, the grain portion being used for shoe linings and book-bindings 
flesh split may be oil tanned and formaldehyde tanned to gi hamois 

Goatskins, by nature, and because they are sun dried to preserve t 
export, are tough and compact. They are tanned with mineral tannins, 
given a glazed finish, and become glacé kid upper leather. ‘Then we have t 


of all kinds of reptiles, which are tanned in various ways and the leat] 


for shoe uppers, ladies’ handbags, and other leather goods. 





Even this brief account will give you some idea of how the British tant 
scoured the world for hides and skins to produce leathers with special char 
istics. I have a member firm who for more than a hundred years 
making gloving leather from Chinese deer skins. ‘They continue to mak 
leather, and do not anticipate that they may lose this source of raw n 
Another firm once produced a very thick sole leather from h 
Pakistan. This source of raw material was suddenly closed to them. W 
asked them whether they would use South American hides they instantly 
that they were not thick enough, and that the only other place in the 


where hides with the characteristics required could be bought was N: 
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[he tanner, therefore, not only has to be a tibre scientist, Dut needs to 





a good knowledge of geography 





ther very important aspect of his supply of hides and skins is the method 


ich they are preserved for export. When a hide or skin is taken off a carcass 


putrefy unless it is cured. Curing takes many forms, depending mainly on 


and the availability of common salt. By immersing hides and skins in 


ted brine, the water they contain is withdrawn and the interfibrillary 


are filled with a strong solution of salt. Such brined hides, when covered 
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solid salt and stacked, will remain sound for many months. But in warm 
st climates the hides and skins salted in this manner may not be sufficiently 
to withstand the heat. The combined action of heat and moisture may 
ige the fibres so that they break down and gelatinise during the pre-tanning 
esses. In such warm climates the hides and skins are dried in the sun. They 
n become hard and horny, and must be soaked in solutions of salt and some 
s sodium sulphide to restore them to their former soft and pliable state 


the years the British tanner has become expert in converting sun dried 
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hides and skins into good leather. He used som ariet 
the American tanner would not consider tanning 

When Procter gave his lectures in 1918 leather tech1 


ning to make use of the optical microscope to examir 





hides and skins. My Association, founded in 1920, has f 
skilled microscopists and biologists to study the fil 
skins as they pass through the various tann | 
1 what is seen when a thin section of an ox hi IS Vit ! 
It shows you the impermeable layer of the epidermis, 
vith the hair in the pre-tanning processes g | 
xx hides are double-layered fabrics, the ¢ 
nuscles, sweat glands, arteries and veins, ar ynsistir 
than the corium, the layer nearer the flesh. Not 
and branch in all directions and the intricat 
\fter the tanner has depilated the hide, he prepares t 
treatment with suspensions of lime. ‘The preparati re 
characteristics of the fibres which are tann« In as 
tanner to vary the physical characteristics of the leat} ces 
the diameter of the individual fibres or fibrils he tans. Lit 
angle of weave of the fibres, that is, whether the major I 
or fibrils tend to lie parallel to the grain layer or whet! t t 
the flesh to the grain. The fibres shown in Figure 1 are 
Liming can release the fibres from the bundles ar SO s 
rhis is illustrated diagrammatically in Figure 
ee v9 
| 
| 
\ B ( D 
Figure 2. Splitting of fibre bw 
\ fibre bundle of a hide or skin can be likened to a t \t 
spun from coarse fibres and woven compactly will give a ibric t 
and harsh handle, which will nevertheless be strong. To a 
the textile manufacturer chooses fine fibres, spins them into yarns 
minimum of twist to give the strength required, and we the var 
into a fabric. When the tanner wishes to produce a solid firm leath« 
the fibre bundles as indicated in A. When he ishes to pl uce a sol 
leather he splits all the fibres into fibrils as in C. Our studies have s} 
either the fibres or fibrils become separated, as in B and D, the leat 
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a sole leather with fibres separated as in B will not be firm; an uppe! 





with fibrils separated as in D will be weak and without fullness of hand 





cross-sections of different types of leather given in Figures 


nstrate how the tanner modifies both the weave and the degree of sul 





fibre bundles. Figure 3 shows a cross-section of a sole leather 








FiGuRE 4. Cross-section of belting leather 
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Note that the fibre bundles show subdivision into fibres, which have not 
Note also that the fibre bundles run vertically from flesh to grain. T} 
that in wear the fibres are worn end-wise rather than along their let 
Compare the fibrous structure of the sole leather with that of beltir 
shown in Figure 4. Belting leather must be flexible and strong. FI 


achieved by subdivision of the fibres into fibrils, strength by the flat 


weave of the fibrils, so that many fibrils are available t ithstand ar 
which the belt is subjected. When extreme flexibility is required, as for 
band, the fibres should be split completely into fibrils 

It is of interest to consider the size of these fibres and fibrils. The tl 


] } } 


the fibres varies with the nature of the hide or skin, but fibres roughly 


thickness from 2,000,000 to 30,000 A units. An A unit is a hundr 
millionth of a centimetre, or 10° centimetres. ‘The lower range 
fibrils. 

Most fibres, whether protein fibres like collagen and silk or cell 
like jute and cotton, split longitudinally into smaller and smaller fibrils. But 
does this splitting end? Is it possible that ultimately a unit collager 
reached which, if it suffered any further subdivision, wou ase to be 


In recent years the electron microscope, capable of giving magnif 


100,000 or more, has given a decisive answer to this question. Figu 
unit fibrils of a 3-day-old rat skin, as photog ipl 1 Gross in A 
Chey averaged 500 to 600 A in width. Gross reports that nd t 
days there was a steady increase in the average f I 
levelled off at 60 days of age to between 1,3 nd 1,5 \ 





FicurE 5. Unit fibrils of 3-day-old rat skin 


It must not be thought that skins are built up entirely of these unit 


There are other fibres, very prevalent in the skins of young animals, 
appear to bind fibres together and even to form sheaths round the fib: 
addition, skins contain about 10 per cent of non-fibrous proteins, usually 


to as interfibrillary proteins, which serve as cementing substances 
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ill have more to say concerning the unit fibrils and these other constituents 


is in my other lectures 


PTHE CHEMICAL COMPOSITION OF COLLA 


is is the most convenient stage to describe the ultimate chemical comy 


t 
1 1 1 
| ] 


n collagen is hydrolysed with minera 


yup. Sometimes this is only a hydrogen atom, as 


il 


bulky group terminating in an amino group, as in lysine and arginine, 


xyl group, as in aspartic acid and glutamic acids 


‘ HY 
1 
HOOK 
k 
= Arginine H,N i 
i 
, 
HOO 
H 
“ b 
Histidine H.N 
{.CH,OH 
HOM 
HOM ’ 
I e HN 
CH. CH(OH). CH, Hydroxylysine H,N 
HOM CH < 
Va i HOO 
CH CHI(CH,), Aspartic acid Hw 
HOM H CH H 
“ ¢ HN HOM 
CH. CH, CHICH,), Glutam acad H,N 
HOM CH. CH, CH, COOH 
m a e H.N HOOK 
H.CH,. C,H Methionine H,N 
HOOK H. CH, CH, SCH, 
e HOOK 
ich i Cystine Hye NH 
HOCK H CH 5. CH, CH 
t iene H,N Hf HOO OOH 
{ { F une NH 
100K HW HOOC CH CH, 
ae A CH,—CH, 
FIGURE ¢ The nino acids of , 





to get a complete picture of the composition of collagen. As shown in Table 1, 


hese fibrils. Fis« her many years ago showed that collage nh Was composec 
ig polypeptide chains built up by the end-to-end joining of amino acids. 
acids, the amino acids s« parate ; the 
ical constitutions are given in Figure 6. As you see, thev have the general 
la NH,-CHR-CO,H, differing from one another in the nature of the 


1 glycine, but it can be 


In recent years, the discovery of better methods of s« paration has enabled us 


an account for all its constituents. We can account for 99-8 per cent of the total 


itrogen, we know the weight of each acid per 100 g. of collagen and hence its 


esidue weight or its weight after it has combined with loss of water. 
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TABLE I. AMINO ACID COMPOSITION OI ACGk 
{ 1/1 results expressed on moristure- nda 
N 
Amino Acid g. per 100g. g. residues \I 
pe f 
Total Nitrogen 18-6 
Imino-Nitrogen 0°46 
Imide-Nitrogen 066 ' 


Neutral Amino Actds: 


Glycine 26:2 Ig°9 

Alanine 9°5 7 °€ 

Leucine | 

Isoleucine f 5°6 ie . 

Valine ; 3°4 ) 

Phenylalanine 4:2 5 

Tyrosine 1-4 I 

Tryptophane foe) 

Serine 4 :* 

Threonine 2°4 

Cystine oo 

Methionine o'8 7 

Proline 15"1 12°7 

Hydroxyproline 14°0 12 

Basic Amino Actds: 

Lysine 4°5 } 

Hydroxylsine rg : 

Arginine 8:8 7-9 

Histidine o'8 7 

leidic Amino Acids: 

Aspartic acid 63 5°5 n 

Glutamic acid 11°3 Ic "7 
818) 6 





Collagen is noteworthy as a protein containing a high proportion of p1 


hydroxy proline. It also contains a fair proportion of the amino acids in 


whi 


R group bears either a carboxyl group, an amide group or an amino group 


These amino acids are joined together through their x-amino and 


groups to give the long polypeptide chains. In the unit fibril these 
parallel to one another along the length of the fibril. The precise art 


of the chains is still unknown, but from studies of how collagen fibres dif 


X-rays a great deal of information concerning the arrangement 
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ilated. For example, it has been found that the polypeptide chains ar 


hree main spacings or planes of atoms within the 


ed so that there are t 
vhich diffract the X-rays. Figure 7 shows how the backbones of the 
ular chains lie side by side 44 A apart, with the R groups projecting behind 
front of the plane of the paper. ‘These backbones or main chains are bound 
er by hydrogen bonds formed between neighbouring keto and imino 
which form the peptide linkages. The R groups provide the side chains 
keep the sheets of backbones 11 A apart. The third spacing of 2-8 A is 


upied by the -NH-CH-CO~ group contributed by each amino acid. 


NH co CHR NH co 

» HR NH CO CHR NH 

NH CHR e NH HR Cc " 

( NH HR C NH 
Nt HR NH O 

CHR NH CC CHR NH 

® HR -O NH CHR co 
O NH HF co NH 

FIGURE 7 lrrangement of polvpeptide chains 


complete the picture of collagen structure I need to draw your attention 
interactions of the side chains. ‘These provide the important salt linkages 
not only play a part in linking the chains together, but also react with any 
s or alkalis with which collagen may come into contact. As shown in Figure 8 
salt linkages may be formed between the side chains of arginine and aspartic 
In addition, side chains may become linked by hydrogen bonds, as shown 


sine and serine at the bottom of Figure 8. 


NH NH 
NH O 
4 s 
CH.CHy CHgCH,NH.C - C.CHaCH, CH 
“WHS 6” | 
co co 


| | 
| | 


NH H NH 
| | | 
CH.CHeCHeCH2 CHgN—*HO. CH2 .CH 
| 
co H co 


Ficure 8 Salt linkag (top) hvdrogen bonding (bottom) 
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I must warn you the X-ray evidence does not indicat 


chains within the fibril are in perfect order. ‘The 


average spacings. In addition, there is evidenc: 
is far less perfect than that of the atoms within 
the collagen fibril is partly crystalline and partly amorp 


Further, the protein chemists who are at present 


tal 
stal 


arrangement of the polypeptide chains in the cr 


t 
t 


are finding it difficult to suggest possible structures which c 


] 


the bulky side chains. In fact, all recent mod 
into which only very small molecules could penetra 
lhe number of molecular chains which mak« 
l'aking the diameter of one unit fibril of dry c 
the dimensions of one molecular chain as 10-4 
could be accommodated in one unit fibril 

\ noteworthy feature of unit fibrils is that they ha 


it is evident that they are very lon 


5 


We are therefore left wondering what is the | 


F igure 


which they are composed. This is still something of a 


have, however, been made to determine their lengths 


constituent amino acids of the chains link together, 
be terminal amino acids to each long molecular 


combined through its carboxyl group, leavi 


the number of terminal amino groups in collag 


get some measure of the length of the molecular 


been devised in which the terminal amino 


molecules to give derivatives which are not de¢ 


hydrolysed. For example, by reacting collagen with dinitroflu 


terminal amino acids are converted into dinitropheny] 
1 collagen Is fy 


as dinitrophenyl amino acids when the treate: 


an 


have been found for separating and determining the 
protein hydrolysates. 

My Association is obviously interested in 
collagen are altered during alkaline pre-tanning 
chains were broken or decreased in length the¢ 
have therefore tried to determine the number: 


that untreated, collagen which would react 


1S, 


been 


also the number reacting after the collagen ha 
Table 


molecular chains, and also the 


rT amino group 


determined both the number « 


> 


we 


€-amino groups 
of lysine. In native collagen no end-groups Pees ae ee 


\ ft t 


and 


cent of the lysine side-chain amino groups reacted 


we detected x-amino groups arising from asparti 
glycine and alanine. Glycine provided, as you can see, tl 


1 
mI 


z-amino groups. It is possible to estimate from the number 


detected the weight of the collagen molecule containing one 


334 


omposead whe 


11 ] 
alKall-trea 


vhich terminate 


these 


ot 


terminal 
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ule. ‘his, as shown on the slide, IS 250,000. Other treatments which are 
n to disturb the molecular structure of collagen, led to lower values 
yn in formic acid gave the low value of 150, . which is even lower than 


given by gelatin, namely 18 





BI 2 FREI AMINO ROL! 9 COLLAGEN AND MODIFIED COLLAGENS 
z4-Amino groups €~-DNP-lysine found 
Mol.wt ‘ 
m-mol m-moles 
RAS containing N=MROK 
; £ one residue 100 £ lysing 
resiaut 
igen* Non None detected 17 ss 


letected 
1-treated 
\spartic acid 7 1,400,000 18 59 


shrunk 
. 


\spartic acid 15 700,000 15 +5 


Glutamic acid 03 3,300,000 


i ili-treated 
\spartic acid 








Glutamic acid 17 17 55 
Glycine 42 
Phenylalanine \ 

yssolved in formic acid 
\spartic acid 0°43 250,0¢ 
Glutamic acid 15 700,00 17 55 
Glycine 65 150, 
\lanine 3 350,00C 

Treated with hvaluronidas 
\spartic acid og * 

\lanine 16 I gs 

(Gslycine 12 
hreonine 3 3,30 

{G ilimn (commercial) 
\ partic acid 26 350,0 

Glutamic acid 12 $30,0 17 55 
Glycine 5 180,0¢ 
lhreonine 14 710, 


Lvsine content of collagen, 31 m-moles / 100 g 


lhe general picture provided by these inve stigations is of a very long molecule, 


ich, by alkaline treatment, mav be broken into shorter lengths. But it will be 





& 
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apparent that we still await precise information on the 
figuration of what might be called the collagen molecule 


VEGETABLE AND MINERA I 


ANNIN 


great pr 


In spite of this I think you will agree that very 
in our knowledge of collagen fibres. But the leather industry 
fibres stable to water and to enable them to resist 
the industry uses vegetable, mineral and other tannins. | 
of these substances is in many ways far less complete than t 

Probably many of you know that before the industrial 
th 


With the rapid increase in population, bringing with it a mu: 


sole leather produced in this country was tanned with an 


nr 


IP] 
in great profusion and variety all over the world 


lies o 
Hi 
bearing fruit, in India, a tannin-bearing wood call 


leather, the British tanner had to find new si f tanr 
round 1 
1 
mimosa bark in Australia and South Africa, sumac 
algarobilla pods in Chile, and tannin-bearing chestnut 
extracted with water these tanning materials yield 
types of tannins. In addition they contain other subst 
called non-tannins. When organic in nature the 


sk 


acids, lignin, hemicelluloses and natural « 
constitution of only a very few tannins is known wit! 

It is interesting to speculate why the chemistry of 
neglected. There are probably two main reasons 


amorphous substances and hence do not lend 
crystallization. Secondly, no industry of any size, other than t 
has been interested in tannins. Before progress could be 
had to develop techniques for separating non-crystallit 
similar chemical constitution. During recent year 
niques have been developed, and among these chr 
partition chromotography, promises to solve many 
d fhic ultic S. 

Nowadays, tannins are attracting the attention of t te 
industries. When I worked on the constituents of myrol 
aware of more than about half-a-dozen other r 


est 
were studying vegetable tannins. But because of t cont 
the the food 


So also has the oil 


flavour, tea and industries ni 


investigating tannins. indu 
boring, because they lower the consistency of the mud produ 
Further, whilst even fifty years ago it was common for tar 
raw tanning material, most tannery liquors used to- 
concentrated extracts produced in extract factories. 
extracts now have their own research laboratories, 

With this greater application of men and new techniques 


see a rapid increase in our knowledge of natural tannins. N 
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s have accumulated sufficient information to enable us to get a glimpse 


it is to come. For example, Fischer examined very thoroughly the hydro- 


tannic acid obtained from Chinese galls. He found that when hydrolysed 


led a mixture of glucose and gallic acid. He then synthesized a tannin penta 


galloyl glucose from m-digallic acid and glucose. Later investigations by 


and others have shown that natural tannic acid is a mixture of substances, 


at the gallic acid and glucose were not combined in so simple a fashion as 


pentadigallolyglucose of Fischer. In Figure 9 the constitutional formulz of 


if the possible constituents of tannic acid are given. They are rather 


lable molecules composed of glucose and gallic acid joined up in a variety 


icid have been isolated from mvrabolans. 


‘ae cae oc YS on 
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ys. More simple tannins in which the glucose is not combined with so much 


vac, algarobilla ana valonia are hydrolysable tannins like tannic acid. But 


nnins in gambier, quebracho and mimosa do not hydrolyse. They are called 


mndensed tannins and are 


possibly 


inds related to plant pigments, called flavans. For example, 


be converted in the plant into the quebracho catechin, the molecule on i 


as show n 


yroduced bv the condensation of com- 


in 


Figure 10, the colouring matter, fisetin, at the top left-hand corner, is considered 


ts 
C 


he catechins, such as quebracho and gambier catechins, are phenolic sub- 


s which under the action of acids and enzymes undergo condensation, 
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giving tannins and phlobaphenes. ‘The condensation of 
considered by Freudenberg to take place as indicated by 
at the bottom of Figure tro. It represents the condensati 
gambier catechin, and the dotted lines indicate 


place with additional catechin molecules. This process continues gi 


and eventually the more complicated and insoluble pl! 
nary OH Hos H 
<< Son cu—< Son 
OH q CHOH 
c b 
" Hz 
° 
on’ H 
HO CH DH 
1 
CHOH 
ion Che 
On| iH 
HO, CH OH 
t 
CHOH 
}OH che 
‘ 


FiGuRE 10. Fisetin, quebracho catechins a 


condensation of gambier catechi Freude 

Although this knowledge is meagre and uncertain, it nevertheless pr 
with a picture of the tanning process as far as it is concerned wit 
of tannins to collagen. Compounds with the comet itution of tl 
catechin condensation products are, as the formule show, lil 
OH groups, which could form hydrogen his vith the peptide linka, 
molecular chains of collagen. 

At the Association laboratories we have a method of estimating tan 
in which we spread a minute amount of collager dissolved 
surface of a solution of ammonium sulphate. This collagen clings to tl 
of the solution, and the chain molecules assume a regul 
themselves very much as they do in the unit fibril. We add a very s1 


of the substance under test to the solution. If the substan¢ 
the collagen film becomes rigid and difficult to compress. Subst 
small catechin molecules I have described do not make thx 
but after we have caused them to condense we find the 
of the film and hence show tanning properties. Such tanning 
large molecules capable of hydrogen bonding at many points to 
In addition to these polyphenolic tannins, there are others, particu 


the hydrolysable or pyrogallal tannins, which possess fit 


y; 


Such tannins can combine by salt formation 
chains of collagen. 

From this glimpse of the constitution and properties of the nat 
tannins it is evident that the manufacture of synthetic tannins. wit 


tanning powers, is not easy. Vegetable tannins can be bought at about 
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erv little chemical synthesis can be done at this cost. Consequently, the 


rcial synthetic tans, or syntans, as they are called, must be manufactured 


cheapest raw materials. Crude cresols, for example, are condensed with 


ex products are made by 


lehyde and then sulphonated. More comp 


nsing these simple syntans with sulphite cellulose. But even the more 


x svntans do not equal the natural tannins for the tanning of sole leather 
firmness and solidity are required. Furthermore, in spite of their vel 
power, they cost twice as much as the vegetable tannins 
ill see later that for tannage to be complete collagen must tak Ip about 
eight of vegetable tannin Col gen can however be tanne 1 With a fal 
uantitv of mineral or inorgani annins. For example, good uppet 
can be made using the most common inorganic tannin—basic chromium 


hen the pelt absorbs as little as 3 per cent of the tannin, cal 


f 


In the early days of chrome tanning, which is not much more than fifty 
a two-bath process was used. In the first bath—an acid solution of 
| 


ymate—the skins were impregnated with chromic acid. In the second bath 


omic acid in the skins was reduced by a solution of sodium thiosulphate, 


hich the skins were made alkaline and the basic chrome tannins produced 


Procter, 1n his Cantor Lectures of 1599, mentioned two chrome-ta! ning 


ments in which he played a part. Both were concerned with the prepara 


a chrome-tanning liquor so that the skin could be tanned in one main 
tion. He described the preparation of chrome tan liquors by the reduction 
ions of sodium bichromate with sulphur dioxide. He also described the 
tion of acidified sclutions of bichromate with glucose. Both of these methods 
sed commercially at the present time, the second having given rise to the 

production of masked chrome tan liquors. Figure 11 gives some 


ition of how chrome tannins are formed and aggregate. ‘Two hydroxylated 


H1) complexes are assumed to combine by the displacement of two wate 
ules co-ordinated to the cationic chromium. This process can be repe ated 
other primary (CrOH) units so that long chain aggregates of hydroxylated 
me tannins could arise. Additional complexity is introduced if the primary 


ts are di-hydroxylated Cr(OH 


— ++ r— %O — \++++ 

HO OH | HzO OH 20 

| x | | “* a" | 
2 | O—cr——kO ———> | O——¢r cr. + 2H 

/ % | Pi Yeo 

= HO 0 hrO On #20 
i= 
FIGURE 11 Formation of chrome tannt) 


Basic complexes of aluminium can also be produced which act as tannins 
In this lecture I have attempted to give you a picture of our two main groups 
iw materials, hides and skins and tannins. You will hear more about tannins 


y other lectures, when I shall be discussing the chemistry of tanning and 


properties of leather. 
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LECTURE 1 
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In my first lecture I described the fibrous structut 
surveyed the experimental evidence relating to the stri 
I described how these bundles were built up fi: 
small amounts of other fibrous proteins and of non-fib1 
Ihe fibrils themselves were seen to be composed of 1 
end-to-end joining of amino acids, the long polypept 
bearing a wide variety of side-chains of « 
long chain molecules were arranged side by 
fibril. There were about 20,000 molecular chains i 

In the pre-tanning process, after soaking, the 


depilatories to remove the epidermis and the hau 
with a lime suspension to remove interfibrillar 
stances. The extent of the liming decides the 


tanned, and hence to a large degree the charact 


INFLUENCE OF STRUCTURE ON ACII 


In this lecture 1 want to discuss the 
Essentially, this calls for a discussion of th« 
and alkaline solutions. When placed in wat 
taking up about 300 per cent of its weight. This water atta 
active groups and peptide linkages which are not link 
numbers in neighbouring polypeptide chains. But wher 
water, then, as Procter showed, it reacts with the « 
salt. ‘The sites at which salt formation takes place ar 
the collagen. Figure 8 illustrates the nature of salt linkages 
‘his salt or electrovalent linkage is formed by the tr 
ion from the carboxyl group of the combined asparti 
of the combined arginine. When this salt linkage 
acid a hydrogen ion is added to the aspartic carboxyl anio1 
cation remains unchanged. If all the carboxyl anions 
converted into neutral carboxyl groups in this manner 
diagrammatically in the Figure 12, two neighbouring po 
become positively charged and will tend to repel one anot! 
continue to be held together by the large number of hy 
exist between the peptide linkages of their main chains. 
\fter salt formation the chloride anions 
stituted ammonium cations. This will cause 
to be more highly concentrated with respect 


surrounding solution. In response to the excess osmoti 


collagen to which this inequality of concentration gives 


the fibre and the collagen swells. 
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CH.CO.NH.CH.CO.NH.CH.CO.NH.CH 


CO.O NH, CO.0 
NH, CO.0O- NH, 


CH.CO.NH.CH.CO.NH.CH.CO.NH.CH 
CH.CO.NH.CH.CO.NH.CH.CO.NH.CH 


| 


NH, CO.OH NH, CO.OH 
CO.OH NH CO.OH = NH 


CH.CO.NH.CH.CO.NH.CH.CO.NH.CH 


FIGURE 12. Charged polypeptide chains 


similar change occurs when sodium hydroxide is added to water in which 

nis immersed. In this instance the hydroxyl anion from the alkali removes 
ydrogen ions from the substituted ammonium cations of the salt linkages, 
the carboxyl anion being left unchanged the polypeptide chains acquire 
gative charge. The water within the collagen becomes highly concentrated 
respect to sodium cations, associated with the carboxyl anions, and water 
s into the collagen, causing it to swell. 


Initial lfter alka After HCl at pH1'5 


N-HaOQH 


o1M-Na.S 


FiGurRE 13. Swelling of collagen fibres in calc1um 


hydroxide, sodium hvdroxide and sodium sulphide 
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Figure 13 gives you an idea of the extent to which collag 


immersed in alkaline and acid solutions. The fibres uss 





tendon. Note that they do not swell so much in tl 
do in sodium hydroxide. When they were imm 
solution, which was o-o8 per cent, considerably more s ing t 
lhe swelling in hydrochloric acid at pH 1-5 was much greater t 
solutions of lime and of sodium hydroxid 


Although the swelling of these fibres was opposed 





ind small amounts of non-collagenous fibres, t 

straint than the fibres in hides and skins. The swelling of 

by the structure of the hide or skin. How structure ii I t] 
swelling or water uptake is illustrated by the graphs in Fis 14. | 
three graphs give the swollen weight of goatskin and pi 

ox hide after they had been immersed in acid and alkali 


pH values. At the natural pH value of these pi s, when t 
intact, the swelling is at a minimum. As the pieces be 
charged in acid sclution, or strongly negati v chare 
water passes into the fibres. On the acid si tl 
about pH 2; it then falls, because the concentrat 
solution is high and is not greatly exceed | 


within the fibres. 


Celatin 
70004 
6000+ 
5000 4 


4000 4 , 


3000 4 


elatin 


200074 
1000 J6004 R 





5004 : ‘ 


4004 


2007 





100 





Swollen weight — Yo wir dry weight 





Figure 14. The influence of and 
structure on water uptake at different pH 7 
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HW 1 


curves show also that pH values the compact goatskin swell 

an the ox hide. Further, ney ow that the compact Ox-Dutt swells 
velly part of the hide in which the fibres are less compactly w 

top curve is a swelling rve of gelatin, which verv closely 

al constitution to collagen, from which it is produced by 

nain molecules apart. | abDse of ordered and orientated m 

ire facilitates the entry of wat tween the polypeptide chains 

ows, the water uptake, atall ilues, far exceeds that of either 

hide. Nevertheless, the hay the curve shows that the 

ism causing the swelling is the same in the non-tibrous gelatin < 


skin and hide. 


INFLUENCE OF LIMING ON WATER UPTAKI 


swelling of hides and skins in acids and alkalis is of great importance 
tanner. In the first place, if a hide or skin is highly swollen then the 
will press up against one another and the interfibrillary spaces will be 
It then becomes very difficult for tannins to diffuse into the hide o1 
ind the tanning is retarded and may be arrested. In addition, when hides 
ins swell the molecular structures of their fibres are placed under strain 
sample, as I described in my first lecture, during liming when the fibre 
s swell they also split into fibres, and the conditions of liming can _ be 
sted so that the fibres split into fibrils (see Figure 2 


7 
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FIGURE 15 Water uptakes of native and alkali-ti 


But over and above these changes, liming opens up the molecular structur¢ 
e fibrils. Such opening up, which would take the form of forcing the mole 
ir chains apart, would enable the unit fibrils, and therefore the fibres of which 
form part, to swell more freely and to take up more water. This is illustrated 
the curves given in Figure 15, showing the water uptakes of ox hide collagen 
ore and after treatment with lime. The native collagen was butt hide which 


been fleshed and from which the interfibrillary proteins had been removed 
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by a solution of common salt. The grain layer 

was then split off. Some of this native collagen \ 

lays. Both the native and the limed collagen wer: 

water uptakes were then determined both in 
that at all pH values the limed or alkali-treated collag 
than the native or untreated collagen. Part of this 
possible because of a loosening of the fibrous structure 
the liming, but the bulk of it is due to a loosening of 
of the fibres and fibrils. As we shall see later, this n 


of cohesion is of great importance in tanning 


CHEMISTRY OF UD 
Jefore passing on to discuss the tanning 
review of the chemistry of unhairing. This is 

unhairing generally is concerned with th 
tanner has to disperse or weaken the hair wit! 
of the hide. 


U 
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a 
al 
w 
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Ficure 16. The degre 
of different materials at diffe 
Hair and wool fibres are built up from cells \ 

are thick. These cells are composed mainly of keratin, 
similar in chemical composition to collagen. The polyps 
contain, however, much less proline and no hydroxyprolit 
extended like collagen polypeptide chains, but are folded. ‘T! 
chains of hair contain a double amino acid, cystine, whi 
polypeptide chains, linking them together by a non-ionizablk 
given in Figure 16 show, this cross linkage greatly restricts t 
in both acid and alkaline solutions. Hair, like silk, takes 


collagen. 
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cross linkages in the hair fibre can be broken chemically, when the 


kes up water as freely as collagen. Figure 17 illustrates how a wool fibre 


1 separates into fibrils when the cystine cross linkages are broken by 


It teresting to 1 the similarity of this splitting to the 


sodium sulphide brings this change about, because it is a reducing agent 
luces the disulphide linkage of the cystine, and so breaks the linkage 
een the two polypeptide chains. 
\s shown in Figure 18, each polypeptide chain retains a cystine side chain. 
is is an acid side chain, and will therefore contribute to the osmotic swelling 


‘ 


fibre and facilitate its breakdown. 
ne particular characteristic of both hair and wool which assists depilation 
sulphide is that their roots are more susceptible to sodiura sulphide than 
the mature fibres. ‘This is partly because some of the cystine in the roots 
ilready reduced and exists as cystine side chains. 
Many years ago tanners set chemists a problem on unhairing which we have 
recently been able to solve. Tanners found that if they put hides into freshly 
lime suspensions it was very difficult to loosen the hair later with sodium 
ilphide. Chemists could explain the normal procedure, which is to put the 
s into an old or used lime before liming in a new lime; the old lime contains 
lucing agents derived from the cystine liberated during the degradation of 
from previous packs of hides, and these reducing agents would reduce the 
stine cross linkages. But why should treatment of the hair with a new lime 


spension enable it to resist the action of reducing agents? The answer is given 
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at the top of Figure 18. When hair or wool is t1 
cystine loses an atom of sulphur and changes to 
lanthionine. ‘The new sulphide cross linkage forn 


by sodium sulphide. 


NH NH 
| Alkalis 
CH.CH,SSCH,.CH 
| | 
CO CO 


| 


XV 
‘HH w= NH 


| rg 
CH.CH,SSCH,.CH “8&8 GHLCH.SH  HS\ 


| 


CO CO CO 


| 


Ficure 18. Reduction of combine 

version of combined cystine to coml 
This conversion of cystine to lanthionine is an excell 
reaction which can only take place within a fibre wher 
are held together. Free cystine molecules in solution cant 


lanthionine: during the reaction with alkali the cystine is 


cules, one of which is unstable and decomposes, and 


of lanthionine impossible. 


FINE FIBRE STRUCTURE AN 


So far I have discussed mainly the preparation 
I now want to consider tanning in greater detail. 
Why hides and skins must be tanned will have becon 
I have already told you about the constitution and proper 
They are very susceptible to acid and alkaline 
attack their polypeptide chains, breaking then 
amino acids. ‘Tanning makes the fibres of the 
and to bacteria. 
We can, of course, make a kind of leather by 
acetone. The acetone replaces the water in the fi 
and the acetone evaporates the fibres do not stic] 
pliable. If this pliable piece of hide is rewetted ; 
and horny: the wet fibres in drying have stuck tog 
tanning is therefore to prevent the fibres sticking tog 


them against water and bacteria. 
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ning protects the molecular s 


iy diffraction pattern of coll 
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can, however, only make 


leather by protecting the molecular structure 


collagen fibres. The el microscope and studies of the small angle 
.ction patterns of coll . fibres have enabled us in recent vears to see how 
ure of collagen. ‘They have provided strong 
nce that we do not need the crystalline parts of the fibres, but only 
norphous or non-crystalline parts. In my first lecture I sta hat the 
lagen, whilst revealing the existence 


a high 
e of order in certain parts of the fibre, also showed that in other parts of the 


{ 
o! 


the molecules were in a state of disorder. It is now known that the 


t unit 
is partly crystalline and partly 


amor! phous. 


ratskin (Figure 5) you will note that they 
ted. littraction pattern of the ft has been 
that the collagen polypeptide chains in the dark bands are in a state of 


r, whilst in the light band they are in an orderly state, lving side by side. 
rmore, wh the fibril absorbs water or swells in acids or alkalis, the dark 
respond much more freely than the light bands. Lastly, when a unit fibril 
her 18s examine d, the tan is found to have entered only the dark bands. ‘This 
is a picture of collagen fibres as two-phase systems, partly crystallir 
amorphous. The crystalline regior 


1¢ and 
is do not need tanning, since th 

ement of the molecular chai ese regions protects t 
and bacteria. ‘To llagen fibres stable it is o1 


t the amorphous regions with tan. 


mterband 


here 


gions 


is some evidence also that the molecular chains 


carry a greater proportion of the large reactive side chains. 
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illustrated diagrammatically in Figure 19. In (a 
interband, and the molecular chains carry small 
chains are mainly found in the band. When the fibril 
the molecular chains move apart in both the inter! 
however, the fibril is swollen by acids and 
groups in the band cause the molecular chains to 

It is rather extraordinary that this subdivisiotr 
and non-crystalline regions was postulated | 
nearly twenty-five vears ago. ‘l’o illustrate his id 
similar to that given in Figure 20. Gerngt 
chains were so long that they could form part of 
In this manner loss of strength owing to lack of o1 
counteracted. ‘This diagram has proved very useful 
it explains the difference in reactivity between 
regions. In the crystalline regions the moleculat 
thousands of hydrogen bonds. 77 hey are regions 
reagents along their edges. Even when distu 
not be completely freed from one another, 
again when the cause of the disturbance \ 
state they have been likened to a partly opet 


which have no difficulty in fitting together 


They are autoprotective regions. On the other | 


are accessible to reagents, and, even where tl 


they are in contact only over short lengths anc 


ne and non-c? 


It might be expected that the partly crystallir 
is so fundamental that it would even influence 
In fact, it is one reason why there are two tyt 
tanner and the heavy leather tanner. The light 
the non-crystalline regions to make his fibres ar 
leather tanner wants to make his leather firm and 


diameters of the fibres he therefore tries to put as much 
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and, as we sl 


all see later, he ev forces tan into parts of the crystalline 
The tanning of tl allis egions must be done undet 

_ since the strength of tl ibres lies in their crystalline regions. ‘| 

tanner Is aware h lithculties, although ne does not know the 

is ilwavs consi I c ar as tanning is concerne d that the ligt 
as the easie1 

is look a little mors ly in what happens in 


vhen they are 


rst lecture, have |! roxyl and carboxyl groups which 


ind salt-linkages with the molecular chains of collagen. ‘Tannin molecules 


so become linke ne another by hydrogen bonds. We 


ass 
tannin mole intil all the available 
as taken pl re tanned. We can determine 
uins by al Such ana s are expressed as degrees 
f tannage | ig the amoul tannin associated with 
stance. Evide I gatl d from 
whicl 
nthed rec rt tannage 1s around ¢ 
amounts lifferent vegetable 
rions would be approximately the 
ce 1 eir densities woul not 
1e rate at whicl l degree 
n solutions of difl nt tannil 
which last d ) days, the trengetn 


per cent 


EX 


ree of tanna 


" a 
liegium, 1935 


Gambier 
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In the last column of Table III are given tl 
at the end of 64 days. With the exception of 
considered to be a typical tannin, all the tannir 
neighbourhood of 50. Further, under the conditi 
reached this degree of tannage rapidly and tl 
‘his is shown by the figures given in the other 
tanned’. ‘hese figures are the percentages of tl 
Essentially, with each tanning material tannag 

s, and almost complete at the end 


ry little tannage took place. 


TABLE IV. PANNA 


(Roddy, 7.4.L.C 


extract 48 hr., f 
extract 45 hr 


SO,, 1 salt) 24 hr 


extract 48 hr., water 24 hr 


extract 45 ni Pickle 24 hr 


et of interesting experiments ar 
strong solutions of quebra ho in 
through in 48 hours in a solutiot 
of acetone. As shown in ‘Tabl 
absorbed tannins: soaking for 24 
iphuric acid and 1 per cent sal 
of tannage, Roddy found that tl 
\s noted in ‘lable IV, the 


ge in a tannery. 
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INFLUENCE OF LIMING ON THE PA 


WATER-SOLUBI 


Percenta 


This is readily explained if liming « 
collagen molecular chains where they 
regions. As I have said previous 
ulnerable because they can be atta 

the small zones of contact | 
non-crystalline regions does not liberate an 
ct union with tannins; hence the small 


other hand, opening up these regions et 


it the spaces between the separated 


ill therefore be able to accommodat« 
this figure shows a sharp increase 
s on more prolonged liming. 
\lthough liming in a suspension of lime ma 
more drastic alkaline treatments using sodi 
increase in the non-crystalline at the expense 
Holland found that such treatments caused bot! 
water solubles to increase. 
On the other hand, the evidence showing tl 
during prolonged tanning is much more subst 
ase in the fixed tans and combined 
heir results are given in ‘Tabk 
tanning the fixed tans and the « 
equal, but during subsequent tannage at 
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water solubles remain constant, but the fixe 
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observations are readily explained by the hypothesis that 


ipid tannag¢ the non-crystalline regions are being tanned, 


ge then proceeds by tannins passing slowly into the crysta 


speed of penetration being greater he lower the pH Presi 


n 


tannage occt regions are not seri 


sequently the lubles do not incr 
in molecules orientated col 
space is left fi 1dition: ( 1ed water solu 

mn that can | experiments 


f collagen can be ned rdinary temperat 


IT¢ 


iy tanner 


(Original 


possibl 


ling weak acids to the tan liquors. Weak acid 


, 
theoretical cons 


an 
an therefore separate th« 
ns of collagen. Although fe 
parate polypeptide chains 
tain weak acids to assist ti 
ore effective in wart 
tannage in wa 
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of tannage 
le refer to analys 
ase in the degree 

itory hot-pitting for s¢ 


increasea 
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type of tanning can improve on the original stal 
Sole leather, however, does not need to have a 
strong enough even when some of the 


Nevertheless, the sole leather tanner has to 


crystalline regions in his fibres. 


CHROME 1 


Vegetable tanning stabilizes fibres larg 
regions with tannins. Chrome tanning, 
regions by producing non-ionizable cross 
chains. These arise by the co-ordination of 
and glutamic acid side chains with the chror 
complexes (see Figure 11). It is possibl 
terminal amino groups of the lysine and a1 
with the chromium atoms. Part of the eviden 
tanning is given by the curves in Figure 2 
untreated collagen and modified collagen w 
conditions and the chromium uptakes determi 
by deamination, when the terminal amino 
by treatment with hypochlorite to inacti 
the free carboxyl groups in a third sample wet 
methyl sulphate. A fourth modified collagen 


and its amino groups inactivated by deaminati 
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bottom two curves show that esterification alone or followed by 
mination almost destroys the power of the collagen to fix chromium tannins 
nination alone halves the fixation of chromium, but treatment with hypo- 
‘rite to destroy the arginine side chains caused only a slight decrease in 
tion. 
arge amount of chrome tannins is not needed to fill the non-crystalline 
ns as in vegetable tanning. Only sufficient chromium is required to react 
the active groups terminating the side chains in the non-crystalline regions 
render them unresponsive to acids and alkalis 
nally, it might be asked whether the presence or absence of tannins in th 
talline regions of leather fibres could not be detected by the diffraction of 
ys. In my first lecture I described how from the X-ray diffraction pattern 
sllagen we could calculate the size of the spacings between the molecular 
ns in the crystalline regions. ‘The most important of the spacings was the 
chain spacing of about 11 A, this being the distance between the molecular 
ns in the plane occupied by the side chains. ‘This spacing is the one most 
to be disturbed if the side chains in the crystalline regions react with tan 
ng tannage. 
\ number of observers have examined the X-ray diffraction patterns given 
ymmercial and experimental leathers, and their conclusions are summarized 
lable IX. I should mention, perhaps, that most of these examinations were 
before the technological importance of the non-crystalline regions of 
es was fully realized. But I think the differences observed can be explaine d 
taking into account the amounts of tannin the different leathers received. 
the sole leather and the hide powder labelled (2) were heavily tanned. 
milarly the calf skin, labelled (3), absorbed a very large amount of chrome 
nnins. The leathers labelled (4), (5) and (6), tanned less drastically, show 
slight or very small decreases in the intensities of their diagrams, whilst 


t tannage with syntans and formaldehyde tannage produce no change. 


rABLE IX. SUMMARY OF X-RAY EXAMINATIONS OF LEATHERS 
Effect on 
Tannage X-ray diagram 
Sole leather eee ‘ = Marked 
Hide powder tanned at pH 2-06 (H,PO,) with tannic 
acid (175g./1.) .. ey Marked? 
Calf-skin (12-7 rg.) ; ‘ Marked? 


Hide, tannic acid 50°,, on wet weight - Slight 


Hide powder tanned at pH 2-06 (H,PO,) with tannic 


acid (1og./{.) ; : ‘ee Slight? 
Chrome tanned hide aa Very small 
Light syntan tannage ; - Nil? 
Formaldehyde ; ss ia aie Nil? 
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I hope I have convinced you that there is a consistent 
views of fibre structure with the art of the tanner. (¢ 
protein textile fibres such as wool and natural silk 
by tanning because they are more chemically ri 
have seen, is protected by cystine cross linkages 
wool fibres contains reactive acids and _ basi 
acids and alkalis, but the extent of thei 
linkage provided by cystine. Natural silk, on 
side chains, either basic or acidic: it contains 
alanine which have the smallest and the least r¢ 
chains of silk can therefore pack so closely toget 
which is not easily disrupted by either acids 

I will devote my next lecture to the scientifi 
of importance to the user. These will include t! 
atmospheres, a subject in which your Societ 


interest. 


LECTURE THR 


Vionday, 31st May, 


1 


['o summarize very briefly my first two lectures: in tl 


you an account of the fibrous structure of hide 


structure of the unit fibrils from which the collagen 
second lecture, I endeavoured to explain why th 


make them resistant to degradation by acid and 


bacteria. We saw that the unit fibrils were composed of 
alternately arranged in an orderly and disorderly n 
} 


tal 
pres s 


and non-crystalline regions or bands. To make the fi 
the non-crystalline regions by tanning. ‘Tanning, we sav 
of multipoint hydrogen bonding and salt formation bet 
and the molecular chains of the non-crystalline regions 
ionizable cross linkages between these chains could 
tanning. 

In this lecture I want, first of all, to deal with some o 
which have enabled it to maintain its popularity for 


I propose also to end my lecture with a brief 


deterioration of vegetable tanned leather in 
a subject about which the Society of Arts was \ 
I think it only appropriate that I should take this opportunity to acquair 


Society with the progress that has been made to over 


SCIENTIFIC ASPECTS OF THE USE OF LEATHER FOR 


Che use of leather for footwear and clothing is ver 


its hygroscopic nature. The tanner says that leather ‘bt 
strates this by blowing air through leather. But the m 
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ther breath is water vapour. We cannot achieve body or foot comfort unless 


iration can be lost by evaporation. 


amount of heat lost by the body or feet by the evaporation of perspiration 


nendent on the relative humidity of the air in contact with the sh 


lI Si 
have occasion to refer ft y to relative humidity, it might be ad 
hm our memories as t 
humidity is the percentage ratio of the 
content at saturation. When the relative 
high the air is damp. ‘The relative 


iture, as well as on the moisture content of th 


needed to attain saturation increases rapidly with temperature 


summer’s morning may be damp, with dew forming on 
ym it may be very dry, because the moisture content of the 
ased, but because the temperature has increased. At dawn the temperat 
and the saturation wate1 itent is low, giving a high relative humidity 
| 


lampness, whereas at noon the temperature is high and the 


content is high, giving <« yw relative humidity and apparent dryness 
ater content of the atmos] re in a given locality is, in fact, surprisingly 


int and the changes from dryness to dampness are largely reflections of 


rature changes. 


le absorption of water 


t relative humidi 


Leather, as I said, is hygroscopic and the amount of moisture it can hold 


lepends on the relative humidity of the air with which it is in contact. Untanned 
hides and skins, including our own skins, are also hygroscopic. Both from the 


ndpoint of foot and body comfort, and also the properties of leather fibres 


t is of value to consider in detail the absorption of water vapour by collagen and 


Ser 
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leather. We can study their water vapour al 

free from all moisture, to atmospheres maintains 

Ihe results are expressed as the amounts of wate: 

of fibre substance. Some recent determinations « 

of collagen, at three different temperatures, arc 

due to Kanagy, are similar to those of other 

vegetable tanned sole leather and chrome upper 

The similarity in the shapes of all the curves is 
structure of the fibres. They are all of this parti 
vapour which enters each fibre is held in two 

which is directly linked to the molecular chains in eacl 
sometimes called ‘bound’ water and accounts for the 
Secondly, there 1s the water which, at higher relative hur 


loosely linked to the bound water in the non-crystallin 


GO 


% 


Regain 


et) 
5 
a 
° 
= 





40 


Relative Humidity,% 


FIGURE 23. The absorption of 
relative humidities by chrome 
leather (L); wool (W) 


Note how much more moisture, at all relative humidities 
and vegetable leathers absorb than the textile fibres wool 
addition, the chrome leather fibre absorbs more than the 
Of course, the vegetable tanned leather fibre contains, 
lecture, far more tannin than the chrome leather fibre. V« 


vegetable leather fibres can absorb moisture, so that the 


SsS 
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not entirely due to the lower amount of collagen in the vegetable tanned 


PLO 
he higher water vapour absorption of the chrome leather arises because 


non-crystalline regions of its fibres are not packed with tan molecule Chis 


arly shown by the curves given in Figure 24, showing how tl 


ture-free vegetable and chrome leathers, at first, increase as 


ts increase. 
ve measure the al densities of chrome and vegetable so 
veight of each leather which will displace one .¢.c. 
density of moisture-free chrome leather is lowe 
vegetable le ithe Now 1f the two leat] ers are allowe 


ld 


which will have a density of 1 , we find that the real density 
steadily increases until it reaches a moisture content of 16 per 
weight. As its moisture content increases 
\n explanation of the initial increase and later a fall in t] 
ase in moisture content is that the non-crystalline 
leather fibres are not filled with chrome tannins. Hence 
nol can pack int ese regions without 
lensitv of the fibre therefo increases. Above 
vater begins to increase tl lume of the 
leather decreases. lhe additional water tak 
om for itself by separating the molecular chains, incluc 


talline regions. This increases the volume of leather and 


20 24 28 
°lo ON DRY LEATHER 
FIGURE 24. Changes in the real densities of chrome and 


vegetable tanned leathers with increase in moisture content 


| 
nh less 


Che sole leather shows a very different type of behaviour. ‘There is mu 


ice in the non-crystalline regions for water molecules to enter, since these 


1 t t 
} t 


ntain vegetable tannins. By the time the leather has absorbed 6 per cent of 


Ss9Q 
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moisture further moisture can only find room by separatin 
of the crystalline regions and bringing about an iner« 
the fall in densitv. 


‘he absorption of moisture by fibrous materials has beet 


study. Recently Hailwood and Horrobin have tried to us¢ 
of fibres, when in equilibrium with atmospheres of differ 


as a means of determining the degree of crystallinity of fibr 


1 


each amino acid in a polypeptide chain binds one mole« 


assumption is made, then, by thermodynamical reasoning 
an equation relating the moisture content of fibres, x, 
of the air with which they are in equilibrium. This « 


takes into account the loosely bound water as well as that 


molecular chains. 
Hatlwood and Horrobin 


Is Kh 


Now, by calculation, the values of the 


mean residue weight can be found, which wi 
curves. When a fit is achieved, M should be the 
molecular chains which combines with one n 
natural fibres it is known that the weights of 
acid residues, differ, but the mean residue w 
the results of fitting this equation to the reg 


collagen, chrome leather and vegetable sole 
ABLE X. THE DEGREE OF CRYSTA 


V 


Nvlon 

Silk 

Wool 

Collagen 
Chrome leather 
Vegetable leather 


weight of unit f 


1 mean residue weight 


ast 
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Note that the mean unit residue 


ver than the mean unit residue 


se fibres. he explanation of this is that 


s the molecular chains are so closely 


} 1 
MOIleCUIeS 


water 
hand, 
I 


Further, 


essible to 
th 


other the calcu Values for 


chrome tannin does 


ilated from the regain curve of chrome leath 


ynclusion that chrome tanning largely 


un 


No quantitative 


b] 1 1 
m-10nizaDdie linkages 


of M for th 


indicates that the 


tani 


1] 
vegetable 


fibre is less accessible to 


wre 


1 vi ot ind 


rr collagen 
ym the calculate 


nbpres « 


portion of the 


(M 


iter molecules using 


given in lTabl 


5 ar 


very unit residue in the molecular chains of 


) 


r molecule. But the shape of the regain curve o 


real density of chrome leather with increase 1 


s an uneven distribution of moisture at 


st this method of tre at 


atment suggests that 


mes linked to each amino acid residue in th 


s, much more water « the 


PROPERTIES OF 


Not only 


1s 


by its hygroscopic 


ation and breathe it out to the atmosphere, but i 


; 
1 changes in temperatur 


w 


w 


Temperature 


The 7 


absorption 


FIGURI 
leather 


in temperatur 


of 


25 


during 


er. 


consists 


7 
I 


n 


i¢ 


n 


f 


ate 


THE ¢ 


in the « 


packed 


MM and 


not greatly 


in 
signifiicancs 
1 sole leather, excep 


wat 


considered to be c1 
R) MI. 
value for collagen is 
collagen ¢ 


collagen and the 


high 


ast 


non-crystallin 


nr 
pl 


doing 


HEN 


rystallin 


togetl 


I 
Uhis is 
CTOSS 

can 
t that 


r than 


R it is possible to calculate the 


vstal 
Ihe val 
pel 


an 


noisture 


regains. [1 


on 


crystalline 


gio! 


yperti 


1 bh 


of chrome 


; 


vapour 


LISTRY )F LEATHER 


weights (M) of nylon, silk and wool are all 


weights (R) calculated from the analyses of 


e regions of these 


er that they 


in agreement with 


chains 


attached to the 


be 


its relatively igh 


are Cl 


entage 


line or CeSSIDIC 


ics litterent 


means 


be hed Dy one 


he alterations 
content show that 
1 otner 


WOr 


ile of W 


molec 
egions of 


is 


es to absorb pet 


) jt tends to oppose 
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When damp leather loses moisture and con 
low relative humidity it becomes colder. Thi 
heat to the moisture, which is carried away as kin 
Conversely, when dry leather absorbs water vat 
when the water vapour is taken up as bound 
kinetic energy as heat. 

Let us consider what happens when leather: 
a winter’s day from the warm, dry air of a he 
the cold, damp air outside. Whilst indoors th« 
with air of low relative humidity and its moistt 
relative humidity is high and the leather begit 
is liberated and this raises the temperature of the 
of this heat of absorption of water vapour 

lried some chrome leather shavings and put 
couple in a glass tub: through which he ther 
alterations in the temperature of the chrom 

Lykow, are given in Figure 25. Note that tl 
from 25 to a maximum of 39 in about two 1 


ur passing through, but even after 40 minutes 


rABLE XI, THE RISE IN TEMPERATURE PR¢ 
AT 25 C. THROUGH SHAVING 


Chrome leather 


Sole leather 


Lykow also compared the heats of absorptior 
by this method. From ‘Table XI you will see that 
of vegetable tanned leather is lower than tl 


appreciable. 


THE INFLUENCE OF MOISTURE CONTENT ON THE AREA AND 


Another important aspect of leather bearing on foot con 


dimensionally stable to changes in moisture content caused | 


humidity. Many years ago Wilson and Kern measured the 


of chrome and vegetable tanned upper leathers, and 
leather was much more sensitive to changes in relati\ 
a large number of different leathers, and their 


lo construct these curves, the percentage in 


862 
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| 


taking the area at zero relative 


humidity has been ca ilated 
The extreme incre: 1 area varies for the vegetable ta 
"4 per ¢ t nm an average increase of 7 per cent, 
leathers trom ver cent with 
yr example, he large ference between chre 


hand side of 26, and vegetable calf, numl 


c 
9s 
= 
ec 
@ 
Ye 
iS 
- 
— 


° 


tive humi 


J 
strengt! 


j 


lun made a number of tests with pairs of s 


on and Gall 
ving a chrome upper, the her a vegetable upper. 

he weather was dam he shoes with the chrome upp were too big 
hen the weather Iry hey were too tight to be comfortable. hese 


nents received wide publicity as having solved the riddle o 


{ 


et who foretells changes in the weather by from his c 


merely respond to the Kas of the uppe! 


lhe moisture content of leather ) hi ronou 1 influen 

neth. The strength of chrome leat! increases with its moist 

is is far from being n 1e strengths of cotton, flax 

res also increase as their moisture contents increase. Wilson and Kern found, 
shown in Figure 27, th: hrome calf leather became weaker at low relative 
imidities, but increase: Y ength steadily as its moisture content increased 
high relative humidities. Complications are introduced into the determinatio1 


tensile strength by the changes in area and thickness of the leat! 


isture content. But you can ignore the broken curve in Figure 27 
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attempts to make allowance for this and read the solid « 
in tensile strength from zero moisture content to al 
content at 100 per cent relative humidity. You will 

a 30 per cent loss to a 40 per cent gain. Hence the strengt! 
increases by about 7o per cent in passing fron 
content. 

Wilson and Kern also studied the influence 
of a similar calfskin which had been vegetablk 
strong contrast to the chrome tanned skin chang: 
very little difference to its tensile strength. 

‘The explanation given for the increase of strengt 
fibres with increase in moisture content is that as the m 
non-crystalline regions of these fibres increases the short 
molecular chains are broken down. When a stress i 
containing fibre, more molecular chains are therefore 
to take the strain and this increases the strength of 
tion is applicable to chrome leather fibres, but in the cas: 
fibres such readjustment of the position of the 
the large amount of vegetable tannins in the non-crystallit 
cular chains in these regions therefore break indi 


Stress 1S applied to the fibres. 


THE CONTRIBUTION MADE BY THE FIBROIl 
FOOT AND BODY COMFORT 


The properties of leather I have so far discussed | 
moisture content of the fibres. There are, howe 
which arise solely from its fibrous character. 

Most people are a little puzzled if they are 
synthetic material we do not use it in the form o 
converting it into fibres. By using fibres whi 
woven into cloth we produce fabrics which 
good tear resistance with flexibility. In addition, 
good insulators against heat or cold. The chief reas: 
of fabrics entrap air which clings to the fibre surfaces a 
stationary. Stationary air is a poor conductor of heat 
constructed a curve, given in Figure 28, relating tl 
conductivities of some 27 leathers of all types 

The second curve in Figure 28, passing through the 
relationship between the bulk densities and thermal cond 
of wool felts of increasing bulk density prepared 
The thermal conductivity A for air, as shown in Figur 
Essentially, the curves show that when the bulk density of 
felt is below about o-s5, their thermal conductivities do n 


of air. This is not surprising, since it can be calculated that th 


felt of bulk density 0°38 per c.c. is 77 per cent of the volut 
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more dense leathers and felts do the higher thermal conductivities of the 
s themselves come into play, the thermal conductivity of wool fibre substance 
roughly ten times that of air, whilst the thermal conductivity of leather 


substance is somewhat higher 


Conductivity 


2 
€ 
- 
£ 


G 0.8 
Density, g./cc. 


FiGcure 28. Relati i thermal conductivity 
and hulk density f leat (L) and vl (W) 


Che bulk density of a leather largely determines the rate at which it transmits 
vapour and therefore the rate at which it carries perspiration away from the 
It is not always realized how much perspiration leaves a normal foot 
ino has shown that the soles of the feet perspire at five to ten times the rate 
hich perspiration leaves the general body surface. Mitton made some very 
eful measurements and found that the average rate of perspiration of the 
e foot when at rest is 6 to 7 mg. per sq. cm. per hour. From a man’s foot 
550 sq. cm. surface area this gives a total of 39°6 g. Of perspiration per 12 hour 
On a warm day, with moderate exe rcise, this rate is more than doubled 
Che ability of leather to absorb and transmit water vapour makes a 
portant contribution to foot health and comfort. Scle leather can absorb 
rspiration, but, as shown in Table XII, its water vapour permeability is 
tively low. Nevertheless, it exceeds those of the synthetic non-fibrous 
terials. Whilst sole leathers transmit 2~5 mg. per sq. cm. per hour, less dense 


pper leathers will transmit about four times these amounts. Probably tl 


SOc 


s 
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high grease content of the heavy chrome upper 


permeability 


XII. PrHE WATER-VAPOUR PERMEABILITI 


Vegetable sole leathers 


Neolite 

Polyvinyl] sheet 
Polyvinyl-coated fabric 
Chrome calf skin 
Chrome goat skin 
Vegetable shee p skin 
Heavy chrome upper 


RH 
R.H 
THE DURABILITY OF LEATHER IN INDUSTRIAI 


This brief review of some of the properties of leather s} 


made collagen fibres stable to water, by tanning, they 


vapour. The repeated changes in moisture content whicl 


with changes in the relative humidity of the air do not less 
leather fibres. But polluted industrial atmospheres 

will cause vegetable tanned leather to deteriorate so 

a powder by just rubbing. All of you must be familiar 

chair the leather of which has become weak and 

chair has been near a coal or gas fire. Leathe 

vour Society became so concerned about the 

that your Secretary, then Sir Henry Trueman Wood, sent 
forty of the more important libraries in the country. T| 


of this letter read: 


Dear Sir, 

In consequence of the widespread feeling 
interested in the care of books, respecting 
leather used for bookbindings, the Council « 
to institute an investigation into the character 
of remedving it. An influential Committe¢ 
whole question and report to the Council 
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Committee met under the chairmanship of Lord Cobham and appointed 
sub-committees, one of which was a Scientific Committee and was composed 


yr. Gordon Parker, Professor Proctor, and Mr. Seymour-Jones, and was late 


d by Mr. M. C. Lamb. In 1go1 this sub-committee reported their main 


lusions, as follows: (1) Leathers tanned with pyrogallol tans were less 
d than those tanned with catechol tans. (2) The fumes of burnt gas appeared 
more strongly than any other agent. 

hey condemned over-tannage and the use of sulphuric acid in either tanning 
ing. They stated, for example, ‘that even a minute quantity of sulphuric 
ised in the dyebath to liberate the colour, is at once absorbed by the leathe1 


no amount of subsequent washing will remove it’. 


ABLE XIII. COMPARISON OF THE ACIDITIES OF THE SIDES AND 


OF LEATHER BOOK-BINDINGS 


Procter- Initia 
Searle pH 


Tale Tale 


xpos¢ d 
tected 
xposed Despatch 


ess expose d f Case 


Ihe deterioration of leather has been studied by my Research Association 
many years, the work being carried out mainly by Mr. R. Faraday Innes 
Innes confirmed that sulphuric acid caused leather to rot, but showed that 
sulphuric acid found in rotted leathers came more frequently from the 
nosphere than from the tannery. One method by which he demonstrated this 
illustrated in Table XIII. Innes analyzed the sides of books, which spend 
st of their time protected from the air, and the backs of the same books which 
continuously exposed to air. He also analyzed upholstery and case leathers 
hich had in part been exposed and in part protected from the air. He determined 
Procter-Searle values, which are roughly the percentages of free sulphuric 
id in the leathers, the pH values of their water extracts, and the differences 
tween the pH values of these extracts before and after 1o-fold dilution. When 
se difference figures reach 0-6 or over the leather contains harmful amounts 
f a strong acid. You will note how all the exposed leathers give higher Procter- 
irle values, lower pH values and higher difference figures than the protected 
athers. Large amounts of sulphuric acid are found in the exposed leathers 
hich are not found in the same leathers which have been protected. 
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TABLE XIV. AVERAGE SO, CONTI 


On a hazy 
zwinter day 


Town 


me me 


There is no doubt that the sulphuric acid found in most rott 


derived from the sulphur dioxide in industrial atmospheres. ‘Table XI\ 


the amounts of SO,, SO, and NH, found in town and 
winter and summer. Far larger amounts of SO, are found than o 


1 


as expected, the atmosphere of towns is much more heay 








l i l 
20 30 40 
Duration of exposure , weeks 


Ficure 29. The decrease in the buckle tear strengths 
hide leather with duration of storage in air containing 
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country. Many experiments have shown that leather can absorb SO 
ynvert it into sulphuric acid. For this oxidation to proceed at any speed 
ust be catalyzed by either iron or copper present as impurities. For example, 
, exposed leathers containing added iron as ferric sulphate to an atmosphere 
taining SO, as the only source of pollution. From time to time, during 


eks’ exposure, he determined their buckle tear strengths. As shown 


Figure 29 the rate at which they decreased in strength was influenced by 
mount of iron they contained. The leather which gave the curve f, had 
reated to remove ionic iron, whereas 100 parts per million of ferric iron 
been added to the leather which gave curve f,, and 2 parts pet 

ion to the leather which gave curve f,. ‘The lower positions of curves f, and 
ynstrate that iron catalyzes the deterioration, and the proximity of 
f, to f, that doubling the amount of iron causes only a small increase in the 


f deterioration. 


Et. SOLUBLE NITROGEN AND AMMONIA IN SOUND AND ROTTED LEATHERS 


on the leather 


Soluble 1m ni 


nitrogen nitrogen 


Sound 
Sound 
First signs of 
Rotted 
Rotted 
Completely di 


ible XV shows that some of the fibre substance in naturally rotted leathers 
mes soluble in water. New leathers generally contain about o-1 per cent 
vater soluble nitrogen, the figures varying between o-o4 and o-4 per cent. 
total nitrogen in this class of leather is between 8 and g per cent. Some 
per cent of the total nitrogen becomes soluble if the leather completely 
sintegrates, and about 10 per cent of the total nitrogen appears as ammonia. 
some rotted leathers the nitrogen present as ammonia accounts for 50 per 
nt of the total soluble nitrogen. 
It has also been established that rotting does not take place unless the pH value 


he water extract of the leather is below pH 30. This is illustrated clearly 


Figure 30. This curve relates the soluble nitrogen contents of 74 experimental 


thers, from three split hides, to the pH values of their water extracts, after 
osure in a chamber in which coal gas enriched with SO, was burnt. The 
ible nitrogen was extracted with o-1 N-sodium carbonate and is therefore 
rred to as alkali soluble nitrogen. The curve shows that the leathers 


teriorated much more rapidly when they became acid and the pH values of 
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their water extracts fell below 3-0. Below pH 2 


graph refer to leathers the iron contents of which had 


parts per million. For example, the extrem« 
arrow and the figure III+-, was given by a sampk 
been added. The corresponding sample III withot 
less acid and suffered less deterioration Lhe 


sample III is almost equal to the total nitrogen o 








FIGURE 30 The influence 
the rate of deterioration durt 


It is of interest to consider what happens to 
fibres when leather decays. Does the acid which 
open up or separate the molecular chains in the c1 
of the strength of the fibre ultimately disappears 
tested by an examination of the X-ray diffraction patt 
Bowker and MecNicholas in America. Bowker too! 
leather, which had a degree of tannage of 50, and t 


1 14 1 
could crun 


sulphuric acid. Eleven years later he found 
between his fingers, whereas the sample to which he had 1 

no signs of decay. With McNicholas he took the X-ray diff 
intact and the powdered leathers and, much to his astonishn 
gave diagrams of equal intensity. We, however, should not 
ment, since we know that the fibres of a leather with a 

50 contain tan only in their non-crystalline regions. Wher 


only the molecular chains in the non-crystalline regions are broker 


387C 
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lline regions remain intact a! 


ymal X-ray diffraction 


sintegrated without their cryst 


n fibres can be partially hydrolysed with sulphuric acid and when the 


patte rm 


alline regions being destroyed. 
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d hence enable the powdere d leather to give 


Other fibres besides leather fibres can 


For example, 


more 


sidue is examined by X-rays it gives a more intense diffraction pattern 


the intact fibre. Both the 


hydrolysed are 


closely orientated 


av is not due to 
be due either to 


ystalline regions 


should give rise to free 


the 


nitrogen in 


re: 33 these le 


yf their water 


f 


» years exposure none Ol 


lkali-soluble amino 


a sharp increase in the an 


rs whose initial pH values 


eeds the acidity at which 


] 


nly indicate that hvdrolvs 


Fic The 


amino nity 


RE 31 


de cay 


es of the 


good examp! 


es1on of 


MnO 


alkali extra 


inged 


the lea 


nitrogen 


en content 


of leather and the behaviour of cotton 


inertness of long molecular chains 


the molecular structure 


oxidation of the molecular 


| 1 
the linkages of the 


peptide 


groups. Kanagy in America determined tl 


ts of leathers undergoing decay 


en acidified to ¢ 


1 from 4°6 


thers, even those at pH 


After eight to ten years’ ext 


wosure, 


o-nitrogen contents of the extracts 


or lower 


ceeds rapidly 


But 


a cause of de 


nerease wm the alRali-soluble 


j } 
f acid leathers, with time 


Oxidation of the molecular chains in the non-crystalline regions is the mor¢ 


K¢ 


ly cause of decay. That oxidation takes place is indicated by the production 
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of ammonia when leather decays, ammonia being a 
oxidation of amino acids. As shown in Figure 32 Kanagy 


in the ammonia extractable by dilute alkali fron 


and acidified leathers, after they had been expose 


You will note that the rate of increase in the 
in the more acid leathers. After about seven y« 
in the most acid leather, containing 4 per cent « 
of ammonia extractable by dilute alkali. This 
which Kanagy obtained by the slow acid 


namely, 2°3 per cent. 


PER ees 
FIGURE 32. The increase in 
of acidified quebracho tanned 
lo summarize, the evidence suggests that dur 
tanned leather the leather first absorbs sulphur 
which is oxidized to sulphuric acid. Secondly, 
sufficiently acid, a reaction takes place in which metall 
collagen molecular chains are concerned leading to the | 
by oxidation. 
I should like to give you some idea of how this 
it is far from being a simple change. ‘The experims 
it proceeds by a free radical mechanism and this gi 
unpredictable results obtained during the study 
Below I have put examples of simple radical reaction 
resemblance to those taking place when leather decays. 
the interaction of oxygen—it can be atmosphe ric oxygen 
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ntially what takes place is the transfer of a valancy electron from the 


the oxvgen molecule, giving 1 to 


has an odd electron. This anion can 


a 


I} CHEMISTRY ¢ 


rous 
ferric ion and an oxygen anion 


take a hydrogen ion from 


g a peroxide free radical and a hydroxyl anion. In Reaction II 


duction of a f radical from a dihydric phenol by interac 


| 
cation witli i lation rrous cation al 


1) 


HOOH 
H OH 
HOOH : 


durability of leather can be tested by 


hvdrogen peroxide. Under this test, 


a 


Fe OH 
H,O R 
ROH OH 


making it acid and then 


leathe I I ; t 


] 
tO UCC 


come brittle and powdery in the course of a few days. Reaction IT] 


ates What may happen during this test. ‘Vhe interaction of a ferrous 


> Cation 


the peroxide can give a ferric cation, an hydroxyl anion 1 


1. Once the hvdroxvl radical has been formed 


ympound RH. This it first converts into a radical, | 


and 
it can catalyze the 


cCOMINeEG 1ts¢ 


ed into a water molecule. ‘The radical R- then reacts with hydrogen pet 


is converted into an hydroxy compound and another 


ed. The reaction, started by the ferrous anion, thus 


tion which continues, supplemented by 


1) 
. 

hydroxyl 
becomes 


a reaction such as II 


ferrous anions, until the peroxide is exhausted. 


onditions leading to the formation of free radicals can be a potent sources 


ical change. Reaction III has been studied in great 


are of interest from the standpoint of the deterioration of 


pounds used in such investigations, namely, lactic acid and the 


, 
OT ieati 


been found to undergo the following type of oxidation. 


CH CH 
HO.C.OH 
CO.H 

H 


HO.C.NH 


CO.H 


CH 
-CO H.O 
CO.H 

H 


-CO NH 
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In e: 


ich instance the x-hydrogen atom is repla 
the 


instable compounds enclosed in the brack« 
water giving pvruvic acid; that from glycin 
acid 


Vhere is little doubt that 


pi rduce durabk 


We avoid the 


we now have suffici 


vegetable tanned leather for 


of tanning extracts containing 
we also avoid the 


us¢ 


use of catechol tannins 


oxidation reaction much more 


freely thar 
r lines of defence. Iron and copp 


le and also promote the oxidation 


otne 


lo« k-up or sequester these metallic 


leather such as oxalic and citric aci 


as potassium lactate to prevent the 


acidity which promotes the oxidatior 
that polymeric phosphates, which can se 


ju ~ 
1 a method of tanning with polym 
tabl 


abdie tannins. 


VIS 


It is interesting to note that the Scientific ( 
[ have referred, prepared some leathers ay 


and also of sulphuric acid. Since they did not 


| 
manufactured and concentrated in metallic 
from metallic impurities. When the 
leathers were stuck in the insides of tl] 


and I recently examined a cop 


s are undvyed and dyed seal, pig, calf, a1 
me tanned sheepskin. These leath 


side of the covers they have been to 


MILR.A. copy looks as though it had 


vears, | can nevertheless report that 
howing anv signs of decay. This leather 


and that it should show signs of decay ma 


with catechol tannins in India before being 
this country. 


When the Committee wrote their Report 


leather was in its infancy. ‘hey mentioned that only tir 


chrome leather would resist decay. The chrome tanne 


It 


rs of other 


In bringing these lectures to a close, I hope I have 


our copy of the Report is in excellent conditi 


learn the condition of the leathers from own: 


ma 
great strides have been made during the last fifty years in unra 


background of the tanners’ art. We can say now that the 
making is no longer a very young science: it has certainly 


In the future, it will I think be more clearly recognized 


will benefit by the greatly increased knowledge of the 
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in fibrous form which is being rapidly acquired by the growth of th: 


tic fibre industries. Further, the science of leather-making can now explain 


iditional methods of tanning. There e doubt in my mind that the 


industry will take advantage of the availability of the new synthetic 


icts of the chemical industry to produce new leathers by tanning in a greatet 


of wavs. 


G I: 


YN FROM THE FESTIVAI 


Festival of Britain hz spit th ‘ of Trustees of the Lord 
ishtra Industrial Museum, Poona, to arrange an exhibition which 
struct the festival’s survey of contemporary Britain. The museum was 
fifty years ago as a memorial to Lord Reavy, a Governor of Bomba 
1 to serve as an educative institution to show, mainly pictorially, ‘tl 
pment, and modern practice of each branch of science and its applicat 
trv, agriculture and commerc« 
ivailable material illustrating British design, exploration, research, engineering 
production, and any other aspects of British life demonstrated at the Festival 
tain will be welcomed and will form a permanent part of the museum’s 
non 
museum is hoping that British firms and trade associations may be able to 
ite gifts of photo murals, books, catalogues, photographs, films and models 
pecial facilities are being vid for their import and transport by the 
rnment of India. Enquiries and offers of material for the exhibition should be 
1 to The Curator and Secretary, Lord Reay Maharashtra Industrial Museum 


2, Bombay 


DISPLAY COMPETITION 


igain this year the trade periodical Carpet Review is holding a window display 


petition, aiming at encouraging a higher standard in carpet display during 


last from the 


rpet Fortnight’, an intensive cary sales campaign, which will 
o the 16th October. As last year the Competition will be divided into two 
one for display men exclusively employed as such, the other for shops or 
which have no full-time displ aff. In each group a prize of fifty guineas 
nty-five guineas and ten guineas, and a number of prizes of three guineas eacl 
be awarded. The Challenge Trophy of the Carpet Review, which is now being 
in an exhibition organized by the Worshipful Company of Goldsmiths, will 
n to the display man or retailer in either group who in the opinion of the 
s, taking into account the size of the shop and facilities available, has created 
Dest display. 
closing date for entries, which must be in the form of photographs, is 


October, and entry forms and full particulars of the Competition may be obtained 
1. The Editor, Carpet Review, 222 Strand, London, W.C.2 


OBITUARY 


MACROBERT 


We record with regret the death of Lady MacRobert, widow of Sir Alexander 
Robert, the first Baronet and founder of the British India Corporation 
idy MacRobert was the daughter of the late Dr. William Hunter Workman, 
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the Himalayan explorer, and was born in Massa 
and made a special study of geology at Edir 
»f books on geological subjects and was ot 
to Fellowship of the Geological Society 

Lady MacRobert will be best remembers 
World War, during which she made gifts of 
»f her country house in Aberdeenshire to t! 
for which her three sons had lost their live 
baronetcy became extinct 


She was elected a Life Fellow of the Society 


MR. H. P. FOLLAND 


We also record with regret the death, at tl 
who was one of the pioneers of the British a 

Henry Phillip Folland began his career 
he transferred, in 1912, to the staff of the Ro 
assistant to the late Geoffrey de Havilland 
many well-known aircraft during and betw 


the great Gloster series, of which the Bam 
fighter aircraft which were so successful in the 


founded his own manufacturing company, | 


was managing director until he resigned 


sized jet fighter, which was shown at the | 
his name 


He was elected a Fellow of the Society 


FROM THE FOUR 


l 
VOLUME II Stn S 


From the Report Addressed to the Minist 
Edwards, Doyen De La Faculté Des 
France at the Society’s Centenary Ed 


i¢ 


The State (England), which until the 
care for the education of its children, now 


yrganization of public instruction. This la 
I was especially struck during the rapid 


' 
and it is a source of satisfaction to see us appr 
as well as in many others. In former times tl 
two countries. Amongst our neighbours in 


was left entirely to private enterprise or to 


of individuals or of corporations; whilst w 


e hands of the State, or at least subject t 


where on a uniform system; but whilst Frar 


th 


the field of instruction to the competition of a 

to deve lop themselves side by side the Nationa 

time has seen the danger which must result fre 

control, and from the want of the State 
education. She has now entered on a fr 

by her own special care, the education 

appears to her to be sufficient, and she seek 


real control over the direction of independ 
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